The bacteriophage capsid is organized on a pseudo normal to the viral capsid, and putative membrane- nine (Se-Met) derivative. A multiwavelength anomalous
consistency with biochemical and genetic studies (Figure 2A) . The electron density for the most complete subunit is continuous over the residues 13-384, but the first eleven (2-12) at the N terminus and the final eleven (385-395) at the C terminus are disordered and so were not modeled. For the other two subunits of the trimer, one is continuous from 15-383 and the other from 16-244 and 247-384.
The main feature of the subunit is a pair of eightstranded viral ␤ barrels or jelly rolls (V1 and V2) with strands labeled B1-I1 and B2-I2 ( Figure 2B The base of the subunit is distinguished by helix NT-␣ (residues 15-34) that extends at least 18 Å beneath the jelly rolls so that it could contact the membrane in the dispersion (MAD) experiment was conducted around the virion ( Figure 2B ). In addition, the I1B2 loop (residues absorption edge of selenium for the Se-Met P3 crystals. 239-255), which connects the two jelly rolls, has a sharp Data were collected on a single Se-Met P3 crystal to ␤ turn extending 20 Å below the jelly rolls that contains 2.2 Å resolution at three different wavelengths at the polar residues (Gln-244 and Asn-245) that could also National Synchrotron Light Source (NSLS) beamline contact the membrane. X12C. Data on a native P3 crystal were also collected to 1.85 Å resolution. The initial MAD-phased map was Trimer Organization superb ( Figure 1A) , and more than 80% of one of the The X-ray crystal structure of the P3 trimer is in good independent molecular subunits was easily built to proagreement with the proposed P3 molecular envelope vide a starting Se-Met P3 model. The trimeric molecule that was assigned from the EM image reconstructions in the crystallographic asymmetric unit was then gener- (Butcher et al., 1995) and defines the correct hand of ated and refined. This provided initial phases for the the virion from the two possibilities ( Figure 3D ). The native data from which the native P3 structure was deimage reconstructions, along with evidence from antitermined ( Figure 1B) . Se-Met P3 is rotated by about 1Њ body binding studies that the N terminus is internal to compared to native P3, even though their crystallothe virion , provide the orientation graphic unit cells are essentially identical. The current of the P3 molecule within the viral capsid. The molecular P3 model is refined to 1.85 Å resolution, with R work ϭ three-fold axis is normal to the capsid, and the tower 17.8% and R free ϭ 20.6%, using a 2 data cutoff (Table 1) . region forms the outer surface ( Figures 3A and 3B ). Since the ␤ strands of the jelly rolls are oriented parallel to the three-fold axis of the subunit, they are also normal to Subunit Structure As the P3 subunit lacks the initial methionine, it is comthe viral capsid and so are arranged similarly to those in adenovirus hexon (Athappilly et al., 1994). When viewed posed of 394 amino acids (Bamford and Bamford, 1990), but the residues are still numbered from 2-395 to provide along the molecular three-fold, the helices FG1-␣ and FG2-␣ radiate from the center like spokes of a wheel both the corresponding FG1 loops from the other two subunits. Each FG1 loop thus caps the FG1-␣ and FG2-␣ with the jelly rolls lying between them, and FG2-␣ is positioned to interact with the neighboring subunit so as helices in the neighboring subunit to lock all three subunits together. The critical role played by this loop to form a jelly roll-helix-jelly roll-helix alternating pattern ( Figure 3B ). The P3 trimer is ‫08ف‬ Å in height, from the had earlier been shown by C-terminal truncation studies indicating that it was essential for proper trimer formatop of the tower to the bottom of the I1B2 loop, and ‫08ف‬ Å wide.
tion, but that the interactions with FG2-␣ were unnecessary ( Figure 2B ). The residues of this helix are not well ordered and have a similar trend and emerge from the jelly rolls at identical positions between the strands so that the longer loops blurred side chains with high thermal mobility constants. In addition, the helix is preceded by weak electron denoccur in analogous positions ( Figure 4A ). Hexon is a sity, hinting that one or more additional turns could be much larger protein, with 967 residues in type 2 adenoviformed by some of the first 11 disordered residues. It rus, and almost all of the additional residues occur in is possible that this region has different degrees of ␣ the loops. These are far more extensive than those in helicity depending on the local environment. Laser Rathe 394-residue P3 protein and lead to larger towers man spectra of P3 in the crystal form has not yet been and molecules of greater height (116 Å versus 80 Å ; performed. This would determine whether P3 in the crys- Figure 4B ). All three loops (l 1 , l 2 , and l 4 ) in hexon are tal resembles the virion-bound or free form in its helical involved in trimerization through their interactions in content.
forming a tower, but only the FG1 loop (equivalent to l 2 ) in P3 participates. The highly extensive loops in adenovirus hexon not only provide stability, but also allow the Comparison of PRD1 P3 and Adenovirus Hexon Proteins virus to deal with the immune system. In contrast, the tower in P3 is constructed from DE1 and FG1 (equivalent Surprisingly, the tertiary structure of P3 is reminiscent of hexon, the major coat protein of the mammalian adeto l 1 and l 2 ), together with HI1, which is small in hexon. 
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